The spatial distribution of recent mean temperature trends over Spain during the period 1961-2006 at monthly, seasonal and annual time scale is carried out in this study by applying various statistical tools to data from 473 weather stations. The magnitude of trends was derived from the slopes of the linear trends using ordinary least-square fitting. The non-parametric Mann-Kendall test was used to determine the statistical significance of trends. Maps of surface temperature trends were generated by applying a geostatistical interpolation technique to visualize the detected tendencies. This study reveals that temperature has generally increased during all months and seasons of the year over the last four decades. More than 60% of whole Spain has evidenced significant positive trends in March, June, August, spring and summer. This percentage diminishes around 40% in April, May and December. Annual temperature has significantly risen in 100% of Spain of around 0.1-0.2°C/decade according to the Fourth Assessment Report of the IPCC.
Introduction
Climate change over the last century is a subject of great interest that worries the scientific community as it could have a major impact on natural and social systems at local, regional and natural scales. As outlined by the IPCC Fourth Assessment Report (AR4) (IPCC, 2007) the global warming of the climate system is unequivocal as is now evident from observations of increases in global average air temperature. AR4 points out that "the 100 year linear trend of 0.74 [0.56 to 0.92]°C is larger than corresponding trend of 0.6 [0.4 to 0.8]°C given in the Third Assessment Report (TAR)". AR4 also indicates that a warming of about 0.2°C/decade would be expected for the next two decades. During the period 1901-2005 the linear trend of Northern Hemisphere annual land temperatures ranges from 0.072 ± 0.0226°C/decade to 0.089 ± 0.025°C/decade (IPCC, 2007) .
Analysis of global temperatures is very important although it is equally of interest to study climate variations at lower scales (Harvey and Mills, 2001) . Several authors have carried out temperature trend analysis at different spatial scales, for instance: Schönwiese and Rapp (1997) , Parry (2000) , Klein Tank et al. (2002) , Klein Tank and Können (2003) , Klein Tank et al. (2005) , Luterbacher et al. (2004) , and Moberg et al. (2006) for all Europe or Brunetti et al. (2000 Brunetti et al. ( , 2004 Brunetti et al. ( , 2006 , Toreti and Desiato (2008) , and Toreti et al. (2010) in Italy; Degirmendžić et al. (2004) in Poland; Rebetez and Reinhard (2008) in Switzerland; Wulfmeyer and Henning-Müller (2006) in Germany; Chaouche et al. (2010) in France; and Feidas et al. (2004) in Greece. Although there are local and regional differences most of Europe has experienced rising temperatures of about 0.8°C during the 20th century (IPCC, 2001) showing similar patterns to the global or a hemispheric scale.
Many studies have focused on Spanish temperature over the last fifteen years at national, regional or local level: Esteban-Parra et al. (1995) in the northern Spanish Plateau; Brunet et al. (2001a) , Serra et al. (2001) , Sáenz et al. (2001) , Sigró (2004) , Cruz and Lage (2006) , Salat and Pascual (2006) and Martínez et al. (2010) in the north of Spain; Morales et al. (2005) and del Río et al. (2005 Río et al. ( , 2007 Río et al. ( , 2009 in Castile and León; Piñol et al. (1998) , Kutiel and Maheras (1998) , Pausas (2004) , Miró et al. (2006) and Capilla (2008) in eastern Spain; Galán et al. (2001) in the southern Plateau; Esteban-Parra et al. (1997) , Castro-Díez et al. (2007) and Ordoñez (2008) in Andalusia; Homar et al. (2010) in the Balearic Islands or Oñate and Pou (1996) ; Parry (2000), Xoplaki et al. (2003 Xoplaki et al. ( , 2006 , Prieto et al. (2004) , Brunet et al. (2001b Brunet et al. ( , 2005 Brunet et al. ( , 2006 Brunet et al. ( , 2007 Brunet et al. ( , 2009 ), Ileana and Castro-Díez. (2010) and Camuffo et al. (2010) for whole country. Although it is difficult to generalize the results reported by these authors, most of them coincide on the increase in temperature over the last decades.
Studies of spatial distribution of temperatures can be improved by using interpolation techniques which are commonly applied in Geographical Information Systems (GIS). One of the main objectives of using GIS in climatology is the construction of maps for highlighting spatial properties of climate data (Esteban et al., 2009) . Different interpolation methods have been used to model the spatial distribution of temperature such us: inverse distance weighting, regression analysis, splines, kriging, polynomial interpolation, etc. Nevertheless Collins and Bolstad (1996) pointed out that a regionalized variable such as temperature would be well disposed to kriging and cokriging. Kriging is a geostatistical method that uses known values and a semivariogram to predict the values at some unmeasured locations (Johnston et al., 2001) . Many authors in the last fifteen years has preferred kriging as an interpolation technique for temperature data from all over the world (Courault and Monestiez, 1999; Sheikhhasan, 2006; Gómez et al., 2008; Irmak and Ranade, 2008; Cao et al., 2009; Tewolde et al., 2010 . In Spain, this could be mentioned in the studies of Ninyerola et al. (2000) , Vicente-Serrano et al. (2003) , Almarza and Luna (2005) , Luna et al. (2006) , Attorre et al., 2007) , and Benavides et al. (2007) .
The aim of the present research is to contribute to the knowledge of the behavior of the mean temperature trends (sign and magnitude) occurred in Spain over the last decades on monthly, seasonal and annual resolution.
Study area
The study area comprises the continental Spain located in the southwest of Europe at 36°-44°N and between 10°W and 3°E. It spreads over 493,892 km 2 and occupies around 84% of the Iberian Peninsula. The major mountain systems distributed from west to east and starting from the north are: the Cantabrian Mountains (across northern Spain), Pyrenees (natural frontier with France), Central System, Iberian System (which extends from the eastern foothills of the Cantabrian Mountains to Betic System) and the previously mentioned Betic system (along the southern and eastern parts of Spain). Its location and the complex orography of the Iberian Peninsula determine a high variability in spatial distribution of temperature (Font Tullot, 2000) and make it particularly interesting from a climatic point of view (Ileana and Castro-Díez, 2010) . The coldest month in the year is January while the hottest month is usually August in the Cantabrian coast, the Mediterranean and the Gulf of Cádiz (Capel, 2000) . The Central Plateau and the Ebro and Guadalquivir depressions reach the highest temperature in July. The average annual temperature decreases from south to the north and from the coast towards inland (Capel, 1998) . It is noteworthy that there is a difference of about 4°C between northern and southern coast and of about 2°C between the two plateaus (Font Tullot, 2000) .
Data set and methods

Data set
Monthly mean temperature data records from 1961 to 2006 were analyzed in this study. The temperature series were at first collected from 478 Spanish weather stations provided by the Spanish Meteorological Agency. The selection of stations was carried out based on the homogeneity, length and completeness of records so that most of the country was covered by the corresponding data. There were only selected weather stations with less than 3% of missing values in relation to the total data of the station for the whole study period. Missing data were substituted with the corresponding monthly value (Rodríguez-Puebla et al., 1998; Muñoz-Díaz and Rodrigo, 2006) . Seasonal and annual series were calculated for each station. Seasons were considered as follows: winter = December, January, and February; spring = March, April, and May; summer = June, July, and August; and autumn = September, October, and November.
The homogeneity of data was assessed to each of the weather stations using the Kruskal-Wallis test (Essenwanger, 1986) and Friedman and Kendall's tests. The homogeneity was not guaranteed by applying these tests for 5 stations. A total of 473 series were finally selected to carry out the later analysis which means that we worked with temperature data from station site every 1044 km 2 ( Fig. 1 ). It represents, on average, a circle with a radius of approximately 32.3 km. The trustworthiness of the results is then guaranteed by the high density of weather stations over the study area. Table 1 shows the meteorological stations included in each five altitudinal ranges delimited in the study area.
Methods
Trend analysis at monthly, seasonal and annual temporal resolution was carried out by applying linear and non-parametric models to each of the 473 temperature series. Yu and Neil (1993) , Suppiah and Hennessy (1996) and Rodrigo and Trigo (2007) have pointed out that more information may be obtained from the combination of these techniques.
The slope of the regression line using the least squares method was used to obtain the magnitude of trends. These slopes were also utilized to generate the spatial distribution maps of temperature trends. The MAKESENS Microsoft Excel template developed by the Finnish Meteorological Institute (Salmi et al., 2002) was used to calculate the statistical significance of the tendencies. This software uses the nonparametric Mann-Kendall test (Sneyers, 1992) .
Surface temperature maps were generated using geostatistical techniques. A previous exploratory data analysis was carried out in order to select the optimum geostatistical model. Firstly three interpolation techniques ordinary kriging, splines and cokriging were considered for that analysis. Nevertheless the cross-validation results revealed that ordinary kriging was the method that provided us the best results for the interpolation of our data. For a model that provides accurate predictions, the statistics of cross-validation should be as follows: the mean error should be close to 0, the root mean-square-error and average standard error should be as small as possible, and the root-mean-square standardized error should be close to 1 (Johnston et al., 2001 ). The spherical model was selected as the best function for modeling the empirical semivariogram in January, February, April, May, October, November, December, winter, summer, autumn and in annual time scale once the geostatistical analysis was carried out. The exponential model fitted well for the remaining months and seasons in the year. Anisotropy was considered in March, April, May, June, July, August, September, winter and spring. ArcGis© 9.3 software was employed to generate temperature trend contour maps. Areas with significant trends at a confidence level of 95% were also superimposed on the contour maps. Fig. 3 illustrates the spatial distribution of temperature trends in the study period using ordinary kriging as interpolation technique. Percentages of the total territory with significant trends are represented in Fig. 4 .
Results and discussion
Figs. 2 and 3 show that positive trends have clearly prevailed against negative tendencies in Spain in the study period. This result points out that temperature in Spain is increasing over the last four decades.
At monthly resolution and taking into account the winter months, January and February have shown the lowest percentage of stations with positive significant trends (b7%). These stations have been mainly Fig. 3 . Spatial distribution patterns of mean temperature trends (°C/year) on monthly, seasonal and annual timescale. situated in small isolated areas in the center of Spain. Temperature has tended to increase in these territories of around 0.05°C/decade in January and 0.3°C/decade in February. 40% of the country has exhibited significant increases of temperature of 0.3°C/decade on average in December. These areas have been mainly located in western parts of Spain. Positive tendencies in these months have been also found by Sigró (2004) for Catalonia, del Río et al. (2005 Río et al. ( , 2009 (2001a, 2007) and Ileana and Castro-Díez (2010) for whole Spain. Our results are also in agreement with those mentioned for the Mediterranean Basin (Kutiel and Maheras, 1998; Brunet et al., 2001a; Sigró, 2004; Salat and Pascual, 2006; Capilla, 2008 ). Nevertheless we have noted that the Spanish temperature over the period has tended to increase in general at a lower level than the results reported by some authors previously mentioned. Finally it is noteworthy that winter is not the season with the largest contribution to trends observed on annual basis. This result is in accord with that found by Morales et al. (2005) , Brunet et al. (2007) and Capilla (2008) .
Trends found in winter Spanish temperatures during the study period might be related to the behavior of some teleconnection patterns. Several authors have pointed out to that effect that the North Atlantic Oscillation (NAO) is one of the dominant atmospheric patterns on the temporal evolution of the winter temperature in Fig. 3 (continued) .
the Northern Hemisphere and therefore in the Mediterranean area (Hurrell, 1995; Chmielewski and Rötzer, 2001; Pozo-Vázquez et al., 2001; Castro-Díez et al., 2002; Rodríguez-Puebla et al., 2002; Trigo et al., 2002; Linderholm et al., 2008; Folland et al., 2009; Rodríguez-Fonseca and Rodríguez-Puebla, 2010 . NAO is characterized by a north-south level pressure dipolar pattern with one center located over Iceland and the one over Azores. During the positive phase of NAO (pressure higher than normal over the subtropics and lower than normal over high altitudes) occurs an intensified westerly flows that brings warm maritime air to Europe reducing polar breaks and leading to a warming of central and southern Europe and cooling of the Northwestern Atlantic sea (van Loon and Rogers, 1978; Rogers and Van Loon, 1979; Tomozeiu et al., 2002) . Several studies have revealed a persistence of the positive phase of the NAO (Hurrell, 1996 The increase of winter temperatures shown in this study might be also related to the East Atlantic (EA) pattern, which is the second prominent mode of low-frequency variability over the North Atlantic, and appears as a leading mode in all months (NOAA, 2011) . The EA pattern is structurally similar to the NAO and consists of a northsouth dipole of anomaly centers spanning the North Atlantic from east to west. The positive phase of the EA pattern occurring during much of 1977-2004 could have influenced on the warming across Europe during the last decades (NOAA, 2011). Sáenz et al. (2001) and Frías et al. (2005) also mentioned the influence of EA on the variability of the Iberian Peninsula temperature. Analyzing months making up the spring season it can be seen that March was the second month of the year with the highest percentage of weather stations with positive significant trends (93%). It means that temperature has tended to significantly increase 0.34°C/decade in more than 96% of whole Spain. The highest magnitudes of trends have been found in the center of the country and the lowest ones in the southeastern parts of Spain. Positive significant trends in this month have been also pointed out by Sigró (2004 ), del Río et al. (2005 ) and Cruz and Lage (2006) . Trend analysis of April and May have revealed a similar pattern regarding to the location, percentage of meteorological stations with significant trends and magnitude of trends. Areas with increases of temperature have been situated in the east and southeast of Spain. Temperature has tended to increase in both months between 0.2 and 0.3°C/decade. Sigró (2004) and Cruz and Lage (2006) have also found positive trends in these months. At seasonal resolution spring has been the season with the highest number of weather stations with statistical significance. Map prediction confirmed that temperature has tended to significantly increase in 100% of the country over the period 1961-2006 0.34°C/decade on average. Rises of temperature in this season are in line with proposals of several authors: Kutiel and Maheras (1998) , Brunet et al. (2001a Brunet et al. ( ,b, 2007 , Sigró (2004) , Morales et al. (2005) , del Río et al. (2005 Río et al. ( , 2009 ), Cruz and Lage (2006) , Salat and Pascual (2006), Capilla (2008) and Ileana and Castro-Díez (2010) . Nevertheless it has been noted that magnitudes reported in this paper are generally lower than proposed by some of these authors. It is also noteworthy that spring has been the season with the largest contribution to trends observed on annual basis in this observation period. This fact has been highlighted by Brunet et al. (2001a) for the northeastern Spain, Morales et al. (2005) for Castile and León, Ordoñez (2008) for Andalusia and Brunet et al. (2007) for the whole Spain. Positive trends found in spring in this paper might be also related to the North Atlantic Oscillation since its influence persists thorough the year although it is stronger in winter (Barnston and Livezey, 1987; Pozo-Vázquez et al., 2001 ). Chmielewski and Rötzer (2001) have pointed out that for the period 1969-1998 the positive phase of NAO clearly increased in early spring which has been associated with above-normal temperatures in Europe in these months. Hurrell et al. (2003) also found the influence of NAO is noticeable till April and Kakade and Dugam (2006) pointed out that during spring the positive phase of NAO is linked with the global continental warming. This result is in accordance with those pointed out by NOAA (2011).
Trend analysis of summer months has revealed that June has been the month of the year with the highest number of weather stations with significant positive trends (94%). It means that temperature has significantly increased in more than 97% of the whole Spain of around 0.5°C/decade. The highest magnitude of trends in the year (up to 0.7-0.8°C/decade) has been found in this month. Cruz and Lage (2006) and del Río et al. (2009) have also pointed out increases of temperature in June. Two main areas with positive significant trends covering about 32% of Spain have been noted in July: one in southwestern parts of the country and another one in the Mediterranean fringe extending to inner areas. An increase of temperature of 0.23°C/decade on average has been found in these areas. The behavior pattern of August has been similar to July although it has been observed an increase in the percentage of km 2 with positive significant trends (63%) and the magnitude of trends has been also a little higher (0.35°C/decade). Cruz and Lage (2006) and Miró et al. (2006) have also reported increases of temperature in both months. Taking into account the summer trend analysis it can be noted that this season has exhibited a behavior similar to spring although the percentage of square kilometers with statistical significance has been lower (92%) in the last one. Magnitude of trends has been also similar in both seasons (0.33°C/decade). A number of recent studies have shown worldwide trends towards increasing summer temperatures. Rises in Spanish summer temperature have been also mentioned by Cruz and Lage (2006) for Galicia; Morales et al. (2005) for Castile and León; Sigró (2004) , Xoplaki et al. (2003 Xoplaki et al. ( , 2006 , Pausas (2004) ; Salat and Pascual (2006) , Miró et al. (2006) and Capilla (2008) for the eastern territories; Brunet et al. (2001a Brunet et al. ( ,b, 2009 ) and Ileana and Castro-Díez (2010) for the whole of Spain.
Positive trends found in summer might be associated with blocking conditions, subsidence and stability over the Mediterranean and abovenormal Mediterranean sea surfaces as Xoplaki et al. (2003 Xoplaki et al. ( , 2006 have concluded for the Mediterranean territories. On the other hand Mariotti and Dell'Aquila (2011) have also pointed out that Atlantic Multidecadal Oscillation (AMO) variability has contributed to the warmer conditions observed in the Mediterranean in June, July and August since the 1970s because of a progressive increase in the AMO index. It might be even possible that these increases are related to the summer North Atlantic Oscillation (SNAO), a pattern of variability which is the summertime parallel to the winter NAO (Folland et al., 2009) . Although this pattern is less effective over southern Europe than in northern areas, studies of Yuan and Sun (2009) have found that from 1997 to 2002 the areas with significant negative correlations between SNAO and summer temperatures increased, extending to the most of the Mediterranean region. During that period the mean Northern Hemisphere land temperature showed a strongly accelerated warming trend.
Months conforming the autumn season have been characterized by having a low percentage of weather stations with positive significant trends. These stations have been located in isolated areas meaning 5% of the whole country. Only a small territory situated in the southeast of Spain has shown significant increases in all three months. Positive trends in these periods have been found by Sigró (2004 ), del Río et al. (2005 ) and Cruz and Lage (2006) . It is also noteworthy the existence of a small area with significant negative trends in September in the northwest of Spain. Autumn proved to be the season with the lowest percentage of weather stations with significant trends (16%) and with the lowest magnitudes (0.1°C/decade). Several authors have propounded positive trends for different areas in this season: Kutiel and Maheras (1998) , Brunet et al. (2001b Brunet et al. ( , 2007 Brunet et al. ( , 2009 ), Morales et al. (2005) , Cruz and Lage (2006) , Salat and Pascual (2006), Capilla (2008) and Ileana and Castro-Díez (2010) . Increases of temperature in autumn might be also associated with the NAO and its positive phase. The low magnitudes of trends in this season could be related to the slight weakening of the southwesterly circulation during autumn (Tomozeiu et al., 2002) .
Finally, it has been observed an annual trend towards a warmer climate with an estimated increase of 0.1-0.2°C/decade for the whole country. This increase has been statistically significant in 100% of Spain. Our results are in accordance with what has been reported by several authors who have noted an increase between 0.1 and 0.4°C/decade for the whole of the country or smaller territories (Kutiel and Maheras, 1998; Piñol et al., 1998; Parry, 2000; Brunet et al., 2001a,b; Klein Tank et al., 2002; Pausas, 2004; Sigró, 2004; Brunet et al., 2005; del Río et al., 2005; Morales et al., 2005; Cruz and Lage, 2006; Brunet et al., 2007; Castro-Díez et al., 2007; Brunet et al., 2009; del Río et al., 2009; Ileana and Castro-Díez, 2010) . Summer and spring have been the seasons with the greatest contribution to annual trends. This result is in accord with those proposed by Morales et al. (2005) for Castile and León; Cruz and Lage (2006) for Galicia, Salat and Pascual (2006) for Catalonia, Capilla (2008) for Valencia and Brunet et al. (2007, 2009 ) for the whole Spain. As it has been mentioned for the seasonal trend analysis we believe that increases in annual mean temperature might be associated with the influence of different teleconnection patterns and mainly with the North Atlantic Oscillation since this pattern is recognized as the main mode of climate variability in the extratropical Northern Hemisphere (Hurrell, 1995; Hurrell et al., 2001 Hurrell et al., , 2003 Gimeno et al., 2003; Sun et al., 2009 ).
Conclusions
Mean temperature data from 473 meteorological stations from 1961 to 2006 were considered in this study to analyze the most recent temperature trends in Spain and their spatial distribution using a range of statistical tools.
This study has revealed the following findings:
-Positive trends have clearly prevailed against negative ones in Spain over the last decades. -Temperature has significantly increased in more than 60% of Spain in March, June, August, spring and summer. The highest magnitudes of trends have been found in June (0.5°C/decade on average). -Annual temperature has significantly increased of about 0.1-0.2°C/ decade in 100% of the country according to the AR4 of IPCC. Summer and spring have been the seasons with the largest contribution to annual trends. -Increases observed in mean temperature in this paper might be related to the behavior of some teleconnection patterns and especially to the North Atlantic Oscillation (NAO) since several authors have associated its positive phase with recent warming across Europe.
